The Sinai desert in Egypt contains great variability in plants extensively used for traditional medicines such as Achillea fragrantissima, Chiliadenus montanus, Mentha longifolia and Haplophyllum tuberculatum. The essential oils extracted by hydrodistillation from the aerial parts have been analyzed. Subsequently, their potential protective activity against oxidative stress has been evaluated, employing H 2 O 2 as oxidant inductor and astrocytes as the cell model. The chemical composition of the essential oils was analyzed by GC/MS. Most of the compounds identified in A. fragrantissima and M. longifolia samples were oxygenated monoterpene derivatives, whereas for H. tuberculatum they were monoterpenes hydrocarbons and oxygenated compounds, and for C. montanus oxygenated monoterpenes and oxygenated sesquiterpenes predominated. The in vitro evaluation of antioxidant properties, using ORAC assay, revealed that M. longifolia essential oil possessed the highest scavenging activity against peroxyl radicals, following by H. tuberculatum, A. fragrantissima and C. montanus. Under oxidative stress conditions, M. longifolia and H. tuberculatum essential oils were the only ones that protected human astrocytoma U373-MG cells against H 2 O 2 damage. Both essential oils prevented cell death and inhibited ROS production caused by H 2 O 2 . M. longifolia essential oil was the most active, suggesting an interesting prevention role in those CNS disorders associated with oxidative stress.
Medicinal plants have formed the basis of traditional medicine which is the main source for new medicines discoveries [1] . Traditional medicine occupies a significant part of Sinai's heritage and it is widely practiced until now. The mountainous region of St Katherine in South Sinai (Egypt) has one of the highest plant diversities in the Middle East, containing more than 30% of the flora richness of Egypt [2] .
Among the plant species that grow in St. Katherine's are the medicinal plants Achillea fragrantissima (Forssk.) Sch. Bip. (Asteraceae), Chiliadenus montanus (Vahl) Brullo (Asteraceae), Haplophyllum tuberculatum (Forssk.) A. Juss. (Rutaceae), and Mentha longifolia (L) Huds (Labiatae). These four species have medicinal value for different injuries and diseases, including various central nervous system (CNS) disorders, both psychic and motor, such as hysteria, mild convulsion, epilepsy and other CNS problems [3, 4] .
Since convincing evidence has associated oxidative stress with the pathophysiology of some of these CNS disorders, researchers have been focused on reducing the damage caused by overproduction of reactive oxygen species (ROS) [5] . Hydrogen peroxide, the principal ROS known, causes lipid peroxidation, protein oxidation and DNA damage, leading to cytotoxic and genotoxic effects and consequently to death cell [6] .
There is an increasing interest in finding effective antioxidants from plants to prevent and combat oxidative stress. Essentials oils have received special attention since several of their constituents have demonstrated to be antioxidants, such as geraniol, terpinolene and γ-terpinene [7] . The four medicinal plants of this study have high contents of essentials oils, which give these plants their medicinal and economic value [3] .
In the present study, for the first time, an investigation has been made of the possible protective effect of the essential oils from the aerial parts of A. fragrantissima, C. montanus, H. tuberculatum and M. longifolia on H 2 O 2 -induced oxidative stress in the human astrocytoma U373 MG cell line.
The yields of essential oils (v/w) from the aerial parts were 0.5%, for A. fragrantissima, 0.6%, for C. montanus, 0.3%, for H. tuberculatum and 0.33% for M. longifolia. These values are within the ranges previously reported for each of these species [8] [9] [10] . The ecotype, the plant used for essential oil extraction, the time of extraction, the period of plant collection and the environmental conditions, are some of the factors that influence oil yield, as well as in the qualitative and quantitative essential oil composition [11] .
The chemical composition of each essential oil, obtained by GC-MS analysis, is presented in Table 1 and Fig. 1 . Of the 33 compounds identified in A. fragrantissima essential oil, which represent 91.6% of the total, linalool oxide (24.4%), cis-sabinol (13.2%), limonene (10.8%) and 1,8-cineol (10.6%) were the most abundant. Oxygenated monoterpenes were the predominant type of compound found in this essential oil (69.0%). This composition is similar to that reported by Shalaby and Richter in 1964 [8] , who determined the physical constants as well as identified the essential oil components from A. fragrantissima collected in the south of Cairo.
Forty-three compounds were identified from H. tuberculatum, most of them being monoterpene hydrocarbons and oxygenated monoterpenes. α-Pinene (37.1%) was the main component, followed by cis-sabinol (8.0%), linalool (6.6%) and camphene (4.2%). Previous investigations focused on the volatiles of H. tuberculatum revealed a great variability among the compounds from plants growing in Iran, Oman and the United Arab Emirates. In the essential oil from Iran, limonene (27.3%) and α-pinene (21.9 %) were the main components in one report [12] , and linalool (15.5%), α-pinene (7.9%) and limonene (5.3%) in a second one [13] . Thus there were similarities in the essential oil compositions of the two Iranian samples. The essential oil from the species growing in Oman contained, as its major components, βphellandrene (23.3%), limonene (12.6%), β-ocimene (12.3%), βcaryophyllene (11.6%), myrcene (11.3%), and α-phellandrene (10.9%) [14] . On the other hand, the composition of the essential oils from the United Arab Emirates collected in May during 1997 and 2001, contained predominantly β-caryophyllene (6.3-12.8%), β-pinene (7.6-8.0%), limonene (4.0-9.6%) and delta-3-carene (5.5-6.0%), whereas those plants collected in April (1998) contained high amounts of linalool (15.0%), linalyl acetate (10.6%), βcaryophyllene (9.7%) and α-terpineol (6.7%) [15] . Comparing the composition of the essential oils of H. tuberculatum from our study with those previously reported, the investigated ecotype is closest to the Iranian one.
In the case of M. longifolia, analysis of the essential oil revealed the presence of 28 compounds, representing 98.5% of the oil, of which 95.7% were oxygenated monoterpenes. Piperitenone oxide (57.5%) and terpinyl acetate (20.1%) were the principal components identified. Other minor and highlighted components found in M. longifolia essential oils were menthone (7.6%) and pulegone (3.4%). The abundance of oxygen-containing monoterpenes has been found as a characteristic not only of M. longifolia growing in different parts of the world, but also of other species of Mentha [16, 17] . The type and amount of oxygenated monoterpenes reported for M. longifolia differ between the studies made. However, most of them agree that C-3-substituted oxygenated p-menthane, such as pulegone, menthone and piperitenone oxide, are the principal components, which correspond with our results [18] [19] [20] .
For C. montanus, of the 43 compounds detected, which represent 62.8% of the total oil, the principal components were cis-verbenol (22.2%), ledol (8.5%), α-caryophyllene (5.2%) and menthone (4.6%). The predominant compounds identified were oxygenated monoterpenes and sesquiterpenes. To our knowledge, only one previous study has been reported on the chemical composition of C. montanus essential oil, obtained, as in the present work, from C. montanus from Sinai [9] . The constituents reported in the earlier study [9] vary significantly from those of our study, possibly as a result of the year of plant collection.
To our knowledge, the free radical scavenging activity of A. fragrantissima, C. montanus and H. tuberculatum essential oils has been not previously reported. On the other hand, previous studies have shown an antioxidant activity for M. longifolia essential oils by employing methods including DPPH [10, 21] and ABTS [10] . None of these studies have used ORAC assay as a procedure for antioxidant capacity evaluation. Thus, in the present study we have evaluated the antioxidant activity of the four investigated essential oils by ORAC assay, one of the preferred analytical methods because of its biological significance to in vivo antioxidant effectiveness [28] . Comparing the essential oil compositions of the four investigated plants, highlights the presence of eugenol (0.8%) in M. longifolia as the only phenolic compound identified in the oil samples. Eugenol has been extensively investigated in both in vitro and in vivo studies and shown to possess remarkable direct and indirect antioxidant activity [22] . The presence of this phenol in M. longifolia could account for the higher antioxidant activity of the essential oil of this plant species. The phenolic monoterpenes and phenolic sesquiterpenes are not the only ones that contribute to the antioxidant activity of essential oils.
As shown in
Other monoterpenes and sesquiterpenes that constitute the complex mixture of essential oils might exert an antioxidant action. Monoterpene hydrocarbons such as limonene, β-myrcene, αterpinene and terpinolene [23, 24] have been shown to possess noteworthy antioxidant properties, which are attributed to the presence of strongly activated methylene groups in the molecule [23] . Concerning the oxygenated monoterpenes, which is the most extensive list of identified components in this study and to which eugenol belongs, compounds such as cis-verbenol, linalool and 1,8cineole [23] have also been shown to possess an antioxidant action.
In the sesquiterpene group, higher antioxidant activity has been found for the oxygenated derivatives than for the hydrocarbons [23] , such as α-caryophyllene and caryophyllene oxide [25] . In our study, based on their previous demonstrated antioxidant properties, we have evaluated for the first time the possible protective effect of the four investigated essential oils on the human astrocytoma U373 MG cell line under oxidative stress conditions that are H 2 O 2induced.
Preceding the biological activity evaluation of the essential oils, we established the concentration range of each essential oil that was not cytotoxic to U373 MG cells by using the MTT assay. Figure 2 shows the effect of a 24 h treatment with different concentrations (range from 3.5 to 3600 µg/mL) of the essential oils on the U373 MG cell line. The highest concentrations of essential oils were significantly cytotoxic to U373 MG cells. Concentrations lower than 450 µg/mL did not affect cell viability.
As previously stated, it was evaluated whether the essential oils could protect U373 MG cells from oxidative damage provoked by H 2 O 2 . Cells were treated for 24 h with a range of concentrations from 225 to 3.5 µg/mL, which correspond to the concentrations that had not caused cell death in the previously reported MTT assay. After 24 h essential oil treatment, U373 MG cells were exposed to the oxidative stress inductor, H 2 O 2 (1 mM) for 30 min. The protective effect of the essential oils, presented in Figure 3 , was assessed using MTT assay.
Results showed that a 30 min H 2 O 2 -treatment resulted in a significant loss of cell viability (67.8%). However, M. longifolia and H. tuberculatum essential oil pretreatment minimized H 2 O 2 cytotoxicity. In particular, the significant cytoprotective concentrations were 28, 14, 7 and 3.5 µg/mL for M. longifolia essential oil, and 56 and 28 µg/mL for H. tuberculatum essential oil. M. longifolia essential oil exhibited the highest protective activity against H 2 O 2 . The essential oils from A. fragrantissima and C. montanus did not exert any significant protective effect.
These findings support those found by Elmann et al. [26] , who found that a 2 h treatment with A. fragrantissima essential oil did not prevent cultures of primary rat astrocytes from cytotoxic damage induced by 20 h H 2 O 2 treatment. The essentials oils of the other three plant species have not been examined for their effect in experimental animals and cell cultures under oxidative stress conditions. After evaluation of the protective effect of the essential oils, we studied their effect on ROS intracellular formation induced by H 2 O 2 . For this purpose, among those concentrations that were astrocytoprotective in the oxidative stress model used, two concentrations for each essential oil were selected. For M. longifolia essential oil, the concentrations were 28 and 14 µg/mL, and for H. tuberculatum 56 and 28 µg/mL. As an antioxidant effect had been observed in the ORAC assay, but a lack of activity for A. fragrantissima and C. montanus essential oils, a deeper study was carried out. For these reasons, A. fragrantissima and C. montanus essential oils were used for ROS production assay at concentrations of 225 and 112.5 µg/mL (those that exerted a higher effect).
The essential oils were first assayed for their free radical generation capacity by using the dichlorofluorescein assay. Results showed that neither M. longifolia nor H. tuberculatum essential oils produced free radicals time dependently. Nevertheless, both essential oils promoted free radical production, as well as hydrogen peroxide ( Figure 4A ).
Although previously we had reported a weak antioxidant activity for these two species using the ORAC assay, it is important to emphasize that this method does not measure, as other similar ones, the antioxidant activity of the essential oils in living organisms. Essential oils are a complex mixture of a great variety of compounds, identified with both prooxidant and antioxidant activities. Those with prooxidant activities induce ROS production in cells [27] . The results for A. fragrantissima and C. montanus essential oils suggest that the antioxidant compounds presented in both samples, which have weak actions, cannot eclipse the prooxidant activities of other compounds present in the oils. Figure 4B shows the results of the protective effect of the essential oils against ROS production that is hydrogen peroxide-induced. M. longifolia and H. tuberculatum essential oils exerted a statistically significance protective effect, inhibiting free radical generation. The highest protective effect was observed for M. longifolia essential oil. A. fragrantissima and C. montanus did not exert any protective effect. Moreover, it was observed that ROS production was increased in an additive way when cells were treated with these two essential oils (225 µg/mL) and H 2 O 2 .
In conclusion, M. longifolia and H. tuberculatum essential oils were the only ones that protected human astrocytoma U373-MG cells against H 2 O 2 damage. Both essential oils prevented cell death and inhibited ROS production caused by H 2 O 2 . M. longifolia essential oil was the most active, suggesting an interesting prevention role in those CNS disorders associated with oxidative stress.
Experimental
Materials: All chemicals were from Sigma-Aldrich (St. Louis, MO) and cell culture products from Gibco (Grand Island, NY). Louis, MO). 
Preparation of essential oils:
The aerial parts of the plants were dried and submitted for 3 h to water-distillation using a British type Clevenger apparatus. The obtained essential oil was dried over anhydrous sodium sulfate and, after filtration, stored at 4ºC until tested and analyzed.
GC-MS analyses:
GC-MS analysis for each essential oil sample was performed on a Hewlett Packard 6890 GC., equipped with flame ionization detector FIT and 5% phenyl methyl silicone capillary column (30 m x 0.25 mm). Detector temperature was maintained at 250°C. The autosampler had an injection volume of 1μL. Injector temperature was set from 70 to 240°C, with a range of 3°C per min, keeping the final temperature for 2 min at 240ºC. The identification of different components of the oils was based on comparison of their retention index and by matching their mass spectra with those obtained from authentic samples.
ORAC assay: ORAC assay was performed as previously reported [28] . Briefly, different dilutions of the essential oils and Trolox, using as a reference antioxidant compound for preparation of a calibration curve, were prepared in phosphate buffer (pH 7.4, 10 mM) and incubated with fluorescein (70 nM) for 10 min at 37ºC, before adding AAPH (12 mM) (200 μL final volume of reaction mixture). Fluorescence measurements at 485 nm excitation and 520 emission were taken every 56 s for 98 min using FLUOstar Optima (BMG Labtech) fluorometer. ORAC values were calculated by using the areas under the curves (AUC). Results are expressed as micromoles of Trolox Equivalents (TE) per mg of sample.
MTT assay: Cell viability and cell protection were determined using MTT assay reported previously by Mossman [29] , with minor modifications. Cells plated in 96-wells were treated with different concentrations of essential oils of each plant and studied for 24 h. For protective effect evaluation, cells were also treated with 0.1 mM of H 2 O 2 for 30 min. Then, cells were incubated for 1 h with MTT (2 mg/mL) for 1 h at 37ºC. After incubation, DMSO was added to dissolve the dark blue formazan crystals formed. Absorbance was recorded at a wavelength of 550 nm using a microplate reader (Digiscan 340, Asys Hitech GmbH, Eugendorf, Austria). Results were presented as a percentage of the control cells.
DCFH-DA assay:
The generation of ROS was performed as previously described [30] . U373 MG cells, after corresponding treatments, were incubated with 0.01 M DCFH-DA diluted in PBSglucose for 30 min at 37°C. Then, cells were washed with PBSglucose. The fluorescence was monitored for 2 h at excitation and emission wavelengths of 485 nm and 530 nm, respectively. A microplate fluorescence reader (FLx800, Bio-Tek Instruments, Winooski, VT) was used for the measurements.
Data analysis:
Results are expressed as mean ± standard deviation (S.D.) of at least 3 independent experiments. Statistical analyses were performed with one-way ANOVA followed by Tukey´s test. The significance level was fixed at p< 0.05.
